< 
CO 

in 
in 



Q. 

LU 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



HMIUiiUI 

© Publication number: 0 554 906 A1 



® EUROPEAN PATENT APPLICATION 

© Application number: 93101859.2 



© Date of filing: 05.02.93 

© Priority: 07.02.92 JP 22291/92 
10.04.92 JP 90529/92 
14.09.92 JP 244390/92 

© Date of publication of application: 
11.08.93 Bulletin 93/32 

© Designated Contracting States* 
DE FR GB 

© Applicant: MATSUSHITA ELECTRIC 
INDUSTRIAL CO., LTD. 
1006, Oaza Kadoma 
Kadoma-shi, Osaka-fu, 571 (JP) 

© Inventor: Nitta, Yoshlakl 
1-2-702, Komatsu-3-chome, 
Higashiyodogawa-ku 
Osaka-shi(Jp) 



© int. ciA H01M 4748, C01G 53/00 



Inventor: Haraguchi, Kazunorl 
Rlbleru Sekime 4-1002, 1, Furuichi-2-chome 
Joto-ku, Osaka-shi(Jp) 
inventor Kobayashf, Shlgeo 
3-5, Nlshlyama Maruo 
Yawata-shi(JP) 
Inventor: Okamura, Kazuhiro 
3-28, Wakae Nlshishinmachi-2-chome 
Higashiosaka-shi(jp) 
Inventor: Ohta, Akira 

46-27, Hannancho-1-chome, Abeno-ku 
Osaka-shl(JP) 

© Representative: Patentanwalte Leinweber & 
Zlmmermann 
Rosental 7/II Aufg. 
W-8000 MUnchen 2 (DE) 



0 Sr? 8 SeC ° ndarV Ce " " *» ,o n of posiuve e,ec„ode active 

1 .3; when Me is Ti. V. or Fe. 0 < x < 0 5- and when M. u u ?! ^ ° f m °' eS 0f x and * ™ < V * 
sjucture and the lattice constants, ao being F^ZZ^i J 41°* ST* 8 3 l ~ , * 0n - 
14.31 A as identified by X-ray diffraction pattern: or where vVef. n 2? ' * J* 6 '" 9 th ° ran9e <* 1415 * 
V, or Fe, 0 < x < 0.5; and when Me is Mn 0 / < 0 6 or whtlv k ™F of 0 2 < V < 1 ■<>; when Me is Ti, 
- Ti. V. or Fe. 0 < x < 0.5; and when Me Mn V T< 03 p'S^k "2* * ™ * Y * when Me 
represented by the genera, formula: U y Ni,. K Me.0 2 where Mefs Mn- fh ^ *? USe ° f 3n active material 
1.3 and 0 S x £ 0.3 having the lattice constants -a! feZ IV ' " Umb8rS ° f moles of * a " d y:1.0SyS 
14.15 to 14.25 A; and the ratio in ££^^2£?LT"r °' 2 87 t0 289 A: * b ^9 ■> tne range ol 
exagona. Miliar indices, i.e.. <006>/<101> b^ 
bemg ,n the range of 101 to 103 A 3 enables attainment SJh-S, J V™*"""* °' ■ ""it cell volume 
represented by the general formuia: Li y Ni,_jC 2 X ^thelmte«T f» acteristics - ^ active materia. 
1.0 S y S 1.3 is synthesized by employ ng as Itamnrf 17 ■ m °' eS ° f X a " d y are 0 Sx * 0.3 and 
manganese corresponding to the ^722 S^T?^ ^ " * COmp ° Und 0f *-« 
compound selected from the group consisting ™ " *' ^ im0Unf ° f * ' 6aSt 0ne nickel 

moles of Ni indicated by ,-x. and an amount «kSjt?2L C ° rreSp ° nd,n 9 to the "umber of atomic 
cons.st.ng of LfeCO, and LiNO, corresponding tolhe numL ^ c ^ound selected from the group 

said starting materials, then subjecting said died m^l . . m °' e$ ° f Li indicated «V V. Predrying 

temperature to produce an intermedial. « 1^?^ PaSSi " 9 *"* «™- 

d -nt temperature than that of the first -^^^ 
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oxidizing ^atmosphere of air or oxygen. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 
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comp 0 u nd oxide containing Hthium. S^.^ e '*<*ode active materia, such as a 

^=H£«£j=» ss ; ==■== 

"slngthe same. ^ Pattern, and an nonaqueous e.ectro.^s^Sry^, 

latent KOKAI (Laid-open) No 2-43n:^ifl\. ■ - m. 1 1 Patent No. 4,302,518)- LI Ni n /u 

Patent KoES /i -J ^ ' V by effectin 9 **• the *~JZ«^^lT?* ,em Pe'atures in the range 
=< CO. P., Cr. V^TST STb^?* ? whef© 0.8 £ x s 1 o and M ' 

Charge ractScs 3 o?T 5,2^*" 3 ^ 

a discharge capacity of not u .! however - are deteriorated with increasinn fhJ I 6 char9e and 
the initial cap^fte 50 c2 rJ 00 ^ Mn be Stained «S^ c ^ n " mbw of c ^'« though 
and discharge S^JZZf^L 1 **- lhere is a P«*tom of hmoSSL SS, ^ rMChin0 65 % * 
property by^ySsizino H' ^ ' S an0th9r P ro P° sa ' *» PrSucf a c2, S™" 9 ' 900d *«*■■• 
modified by usfno n?ck e | 9 « t mP ° Und ° Xid ° 'denied by ,h e aforl*!- ? 9 eXCe,,ent "V* 
aluminum or tin The ebv 1?™"°° ^ 3 part °< "•** i > mLS bv T" 9enera ' formu,a ' «* 
tm. thereby obtam.ng an improved positive -WroS^l???!^ metal of ^m, 

active matenal. However, such a lithium 
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requ.red essentially for the cells. charactenst.cs of high voltage and high energy 

~?t: sr^^^r^ - - — ^ - 

des.red crystalline active material comprises enti elv such a . a Synth<3S ' 2ed aCtive mate »' a,s - That is, if a 
space group of R3m. the maximum c^?2S? * ^ aySta " ine 35 be,0n 9 in 9 * ^ 

however, crystal.ine domains having a rocksaH ^S^bJSLJ^^T 8 °" b9 aChieVed - ln ™* cases. 

, the course of ^ syntnesis Thus g the dBn iJ^,23x**- spaca 9 ; oup of Fm3m are to ™ d 

amoun of oxygen is provided in the thermal diftoion ^ h f"^ re are produced an insufficient 
.nsufficent thermal vibration or insufficient period ?£ fo h^T, dUrin9 the Syn,hesis - °' w hen 
Mh.um into the crystalline matrix is bestowed on the Sum " t0 SUfficlent di "" s ™ « the 

charges I and discharging. For the reasons a ^described uSJL iTZ^^ h ,he ca P aci * 

havng the structure of the space group of R5m SShScSS a It ' * *• active mat ^a.s 

For example, even if the LiNiO is sublet , ™ZL Z ! ' 9her ca P ac ity. 
800 • c for 10 hours in an *n£ZZ%V * 3 temperatUre - 6 °° to 

crystal,™ structure comprising the perfect spac^ gro UD R3m JTtl eret ° ,0re ' 009 Can not •*«*•■ 
shown m Figure 1. Thus, the ratio in the peak intensTof tlV ^ by diff ^«on pattern 

higher than , and simi.ar.y ,he ratio in toe S S^ of Z £T?«£" '** ( °° 3) ° f Mi,,er 
shown ,n Rg ure , is nigner than which are g^ateTdiL^n f °? * ( °° 6) ,0 the ,ace < 10 '> ** 

may be considered that the oryZZ Z^eTSZn* InlT ^ 38 a ^e. it 

he space groups, i.e.. the R3m and the F m3 m LemblZ " t H ° f the mixed doma '"* of both 

there .s given a problem that the aforementioned svnthe^ 9 ° rmer CryS,al Prefers. Therefore 

capab.e of providing sufficient capacity ■S^CwST ^ "** 
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y S 1.3 and OSxS 0.3; the lattice constant L bein^n * . ' " Umbers of moles <* x and y 1 0 s 
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• Performed by mM*^£%££Z2^ *" ,ithiom ^ diffraCli ° n 

•C for 15 to 20 hours thZ 2! ne at-treatment consisting of heat-treatL . 3 ' the ^"'hasis is 

On the other hand, when the at™**, . V d,ffraction 

Plished by subjecting to the firlt h 9 n,aterial ' w *«' compound is LiCO «, 
» ' C for 20 to 25 hours Thin "^'treatment consisting of heat -tea'tlnn V ° Syn ' hes,s is ac com- 
subiecting to^SSTiJir^*^ n ° rma ' Mature to o^Z L T^^ ° f 800 * 900 
diffraction pattern of an fnt» t <ment * a tem Perature of 250 To 350 °r T tn ^ rmedia ^ and thereafter 

.span 'E?-^- « 

25 The reasons why the active , V d,ffract| on 

orbits forming thTLT^SS J*" 0 "* ,he Fe ™ f C ° nC " W **" 6aCh 

the orbit occupied varies JS 1 e ' eC,r ° niC Activity attributSle to th! ^ ° rbit °' ^ lar 9* 

crystalline structure ™ r« \ Var ' a,, ° n Spin mo ™"t. As a re su 7 „J ° 9 , U , PPSr ° rbit is and 
When the UN^ I used af" 9 J ° f maintai ™9 i^^bSfc? ^ COnWbu,in 9 to »»• 

- oxidation reaction in chaminn "ZV e ' eCtrode ' *■»■*»• rep^oTof £ ? k^ 90 " 3 ' ' attice struc ^e. 
structure with a g radua, 1^ Causes «"-"*iCo^^^ ° Perati0n - ie - a " 

nominal va.ence elects 2St^ M ° ,WW - 3 Ni ^"nToX 9 ^ 0 " * diSChar 9 in 9 
to two) is synthesized where 2 **> °' F ° (the ^ of nominal vate 9 , M " (th * number of 

Partially fined two o*3 ?l ^ 0n meta ' oxide ca Pable of P rod U T no a J e ' eCtr ° nS bein 9 lh »* 
hybridized to form id t„7', " - <he 0rbitals « JSSf'J «««*» has 

50 e,ec,r °"* conduct^ as we as for .hi " ^ me,a ' ele ™"* a . ^ WWch ara 

crystal field through exchanZnf ? ""Provement of cycle character^ he ""Pavement of 

u N on-trans i ,J m :S 5 ^lt C l , : n e ?" ^ barging. with formation of stab.e 
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capars zirssrcs tzz^T e,ements are substituted * a ^ °< » « 

synthesis can be easily conducted 9 6 C ° nStan,S wW-n 5ped ' ic limi,ations and their 

co^XlZT^S ptrce^hTtfT ^ fS *« ^ - 

compounds, but through a ^S toSn ft. tS^ST T ^ St3rting mat9n ' a,S - Ni and U 
material. Li compound is a nit a HI!t£^S^^ « ^ RgUre 2 " When the startin 9 
rhombohedra. structure nterca a ed^th .t Z 1 h conjuration of a NiO compound having a main 

Alternatively, when the sorting mate^ L coll? 2 "I?" 6 ' nitrate hi 9 h, V rea ^e with alkali meta.s. 
a NiO compound having 2 I TSohed^ Su'^ 3 T T^ the j ntermediate •« a configuration of 
directly from the starting Ni SCS^lS^orTST^ m0lte " T "•** h Pr ° duCed 
configurations of the intermediates are of a NioTnSo.l h V 008 °' the U com P°™ d s. the 

seen in Figures 3 and 4. and Te ar^od^S a f T Z 9 VT rtwmboh « l '«' structure as can be 
carbonates as identified by means 0 1 wS£££Tx£ £ *V" * 3t 7 °° * C for *° 

production temperature depending upon the £oe JJ? JffST aPPar3tUS - THe V3riati0n in the 
between the former nitrate around 260 -C and t£! i!L I X ° 3 difference "n melting point 

of a differentia, thermal analys° s * ar ° Und 700 ' C as con «'™ d by means 

of the NiO type having iJ^iiSlfi sCurL 3 PaCki " 9 f With ° Xy9en atoms to ** 
O atoms so that it is considered W^^^^S^1iTS^• " ^ ,he Vidnity ° f Ni and 
intermediate into the R3m structured eqSre ?" ? m The ^formation of the 

the intermediate, and for examp e it s ' ZZ*eT*™ZTZ*? 5" ° f Sy " thesis °' 

for the carbonates as identified by meant of tJ e hi„h ° re ft" "rtrates and at 800 'Cor more 
temperature of above 950 -C^^^^JSl^lT"^^ 3pParah,S - ^ 

R3m which could not be identified ^forVieu™^ ° fT 3 CrySlalHne structure from *• 

• C. Therefore, the upper l.mrt of heat-treatment temperature should be 950 

good space group R 3m structure T^Sf^^!??" ? yieW an active mat *"a> having 
materials compared to those obtained »J^ to Z£ZZZ? ^ f dW "<* Pr ° dUCe 9 ° 0d active 
second heat-treatment. This indicates that i ° S^S^TT*^ miXi " 9 and SUbieCtl ° 9 to the 
causes termination of a series of reactfons IS 2 ! . d,m,nut,on of Nation through cooling 

arrangement of metals and Loon aSms ^ T m ' C franSfer and transi,ion - corr ^ng the 
R3m structure, and that fte buif o ^^ZJS"! P3rtia ' ^T'™*™ of *■ ^ucture into the 
Product. It is important, therefore ^^^ITV^SSZ iTl ^ ^ 
produce an intermediate and then conductina anTin hi?. f heat ; treatm , ent - coo " n 9 to normal temperature to 
structure is to be formed in JEZSK mS JZ^ZcLTt^J^ ^ 9r ° UP R3m 
temperature. It Is difficult to achieve certainly good rtSSSSS?!^ W . w L '' C °° ,in9 ,0 normal 

other than the aforementioned onestd leZ to TTS ST T " ° ne * '"^mediate, 

That is. the intermediate having impact 1^^^^ ^ f0 " OWin9 Pr0Cedure - 
subjected to heat-treatment effecting .rearrangement of « JTh X6d 38 3 post - ste P' and a 9ain 

the concentration of Li in the sur4e ?a^ of fte SrSr'JSP? ^"V* n °"-"n^ity of 

temperature in this case should be desirably *m °" ^ rem8died - ^ rehea,i "9 

the heat-treating steps are commonly pertoled fn T^T* the inte rmedi a te. All 

nominal atomic valence of three) are said TZe 0 toT^Z * ^ ^ N ' ° Xid6S (the number of 
forming an upper band of the 3d' leve. so that STy have e^^^T" l**^ °" * h9 *° 0rbit 
react,on. In the course of intercalation of Li the electron 2! ! t enCy '° C3USe eleclron affini «y 
intercalation of Li into the matrix becomes m^^ZfSeT ™* ° CCUr 50 the 

oxygen atoms. KW Unless there ls P re sent a significant amount of ligand 

atmo?pCoio i x;g S en mPOrtan, * ""*** ** * a " atmosphere, preferably in an 

of miv:?:^ .T^srr^rirs^ r- Mn ^ — - — 

descnbed above enables a«ainment of .ithium ^^5^^ 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 
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c.^ZUV^ZSSr" 6 '" " * U ' N ''-"^ ■» 9™p Run, srrucuro 

-ft -I'-sra. sess s:r * ** - ~ - - - — 

ng» 9 is a X-«» diftoaton pattern of Compa^ljv. sa l, e 
0. !UST* ^ «"~ *" - «» "*««- - to on otoo dimert 

o, STo" !h °" S ,are " ""' sU "" ptels - "» ""^a lW-*ft wh.ro M. te 
U ir;*5.' 2 *" — — - •» «- whoro Me is 71, or V with y - 

0, IS-V 5h °" S b ™ Ce — "* - - "VWM wttoro M. „ Mn, „, F. with y - 

( a - J- M shows toteoo «, pteB c( me hexago „ a| ^ ^ where ^ (s ^ ^ ^ _ 

, «£r 7 is a ~- - ~» -est r.25£ ^jjsssl -» 

X^^KX'^r.^^,. 6 *™" ~' -* — - — • « the „.„ o, 
^Z'^TfSS^tr** " — - « ■» — - x-ay 

.^^t^T^SiSC* - * bMTOe " ' MCe — - « •» — »' X-ray 
X-ray E^glSSi It SSSJ "» »— - — - votot. md fc (Mo „ 

n~ ^ - ^r^crr*- ,e ~ - - *— 

R9U. 24 is a plot showing to n^JgZZZTZ??!?? tntermodiat. in Exampte 2. 
.mptoyod tor to syoth.ste „ „. inttmiedl ™, P „ £JT f "-M™*, tempore,, and to (Ho, to. 

Flgur. 26 is a plot showing ine ,** '*«*» "> Exampte 2. 

too to', pro^ SjHj-y tomporaluro M to 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
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where Me i s „, 0 „, oT^V M nl d ft t ?L ."t" h " ,undtr - ™" ■**•*» « E 
-Fe. 0, „„ e „ ,1 * Fe. to , predetermined ecmposnfrma L™1 ^ ? Wl,en » is Mn ' » •» » or « 

' ".:^""° ! ,h > <X moles of x and v ,7. f , , , "n, «» synthesis of the 

» u s ,„„ N.IOHh. UrCO,. end M „co, es """" 03 >-3 1= eerfonned „„ 

mo.sture. then subjecting to the first heat-lreatment of^~L f ° r 15 hours to rem °ve adsorbed 

an atmosphere of oxygen, and cooling to *ZZ2Z£^. I*" 8 / 6 °° t0 8 °° ' C '° r 10 to 25 »h 
producng the intermediate having the same crvSne 2^? Pr ° dUCe " intermed '*e. The conditions for 
basedon the analysis of the X-ray diffract™ 38 ** show " in **" * were se.ectS 

heat-treXg ZZ^n™™T£ 'J5^S* 1 ?~ "» * each 

matenals having other crystalline structure than tnafof ,h« i„t "w^^ 0 " Pattern ' a case where any 

wer v~ :s£^-^tr such a acted u c ™ 

hours. A temperature of 600 «C resulted in rel l f * eat - trea,,n 9 «™ in the range of 15 to 25 

emperature of 800 - C resulted in the ^se^eTa L??? - - COmpounds <° b. observed. i£* 
these conditions unsuitable Even if th« h«f t « P * ° f ** R3m suture to be observed Inri^l? 
of the intermediate possible, fSi^i5t^ot^ , ^ " "*° n ^ 
in contrast, a heat-treating time of 25 nou^s 1, ^ ^ h «^ U c^SS 

achieve any further improvement compared to ™c£&T* * *• hea « rea «™nt and couTnoi 
sufflaent to be the upper limit of the heat^eaUna « m « p * S ° ** the 20 hours ™V ba considered 
production of the intermediate should be p^;%^Z l Tt *" B0,n9 ' *""> -nditions for ^ 
C and a finng time in the range of 15 to 20 hou^ h8aMrea,, "9 temperature in the range of 650 to 75u 

treatment After the second hJ^^^S^J^^ -era subjected to L second he* 
hours m an atmosphere of oxygen ihewteEf 9 3 tem P erature * 750 to 950 -C for is to an 

It can be seen from Fiaure a that th a « ^ x. 
hours. A temperature of 750 -c reeuhid In a mm,!. 8 l »* w '*W "me In the .eng. of so to ;£ 
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^0^^^ P~ into an eo.uivo.ume 

predetermined amount into ce..s which ^e £ al ^^ Wa ! P ° Ured in a 

temperature at a constant current in charging and dischaminn unZ * 1 W3S conducted at room 
of 100 mA, a terminal charging voltage of 41 V « a te2 I ch """f^ ° f 3 discha '3ing current 
As a result, the similar active materials L ZV^ Z t L 9 ™ 9 V °' ta9e ° f 3 0 V u P to 5 ° cycles, 
invention reached about 57 % ^t^^^jS^^ *! Sy " theSiS acCOrdi "9 to *• P^ent 
50 % of the initial capacity The I^mSS?'^ th3c ° ntrast sam P'e 1 with x = 1 reached about 
according to the present LZ^ZXTZX I ^fj™ 9 * by *« S * nthasis 

synthetic process of the present invention with atta^mLt I ' " * beliGV9d that ,ha usa the 

Mn makes it possible to achieve Wgh* ^c^act and Tnh a, ° miC Valence state co "' ai ™g 

improving the characteristics. P ^ ^ e " hanCed Cyde characteristics, and hence effects of 

packing. 4 designates a combination of p i^ X'o r > ^ ^ ' *" " inSU ' 3,in9 

interposed therebetween which is roL in a Spiral form S^LlT^ ^ ** h 3 bei "9 
is attached to the positive electrode and connected ^TiTSE?," V?"- A P ° -WwB e ' eCtr ° de ,ead ■ 
attached to the bottom of the cell case 1 TinsSno nn„ i I * K * * ""^^ e ' ec,rode ,ead 6 * 
of the combination of the electrodes 9 9 ' S Pr ° V ' ded ° n each of *• to P a <* the bottom 



Example i 



diffraction patterns. The results are shownfn F^ures 1* to T " ^ C-e * tod bmd ° n *«» 

^zit^ws? r es represented * - 

of 2.83 to 2.89 and Co in the range J 14^5 to 143^ l?', ,' 3 ^ 6 ° f 30 in the ra "9° 

positive electrode active materials, peak values of cJldf ° PtimUm com P osi «°"s *» the 

corresponding to the half width of a current wave JL SP °" Se CUrrents and a vo,ta 9e width 

across the samp.e electrode, A sampfe e.eTode tZl^T^ * 3 P**"™ canning 

made by fil.lng an e.ectrode formulation 2321 TT££L"? ""V* * C ° mp ° Site which wa * 
acetylene black and fluorinated resin adhesive in a Tatto of "Ts ? f , 3 P ° s,,,va elacfr ° da active materia,, 
a counter electrode of lithium metal; and a reference LrtL / u Y W6 ' 9ht in, ° 3 8 cm * of elect ^e : 
there was used a solution which ^^2S^T£3S5 1 nTt rlT M " 3 " 
ethylene carbonate and diethylene carbonate in a rati on 1 M UPFs ^ 3 mixed so,vent °< 

2 mv/s and at a voUage in the range of 3.1 V to 4 5 V vJith v -T!"" 31 3 SP3ed ° f 

response current for each value of the x is shown in RourelS L'JA ^ V3 ' Ue ° f 1he ca,hodo 
hexagonal compound oxides represented by the "Zeral fori u l J? * 0m the Rgure 15 ' the 
V. Mn and Fe, are good with Ti. V and Fe ro < * Z n Z " Z "W-M*0 2 where Me is any one of TL 

x * setz r c - e 0 ? rssu,ts were ° btained f - the ^cuC * x < °- e) - ■* m " <° - 

tic, the pei ^^JZSZ£iZ£l ITJ^T "T** ^ ^ 
seen from the Figure 16, when y is 0.2 to 1.5 a SSirtS V ™ ^ h n9Ure 16 " As can ba 
the range of 1.0 to 1.3 is most preferable. Wh J y ^ 7 ^ * ™ W ta «« 
excess lithium unreacted was still left in the posLeXtrode IT f m 38 ° bt3ined However - since a " 
with y = 0.1 resutted in a reduction in cathode peak cuTrent S 111 f * ^ sar "P»« synthesized 

x rX?^ Tr ^ f0 ° nd fr0m * ^ - -en the 

be 1.0 Sy S t.3. Taking account of theTe ul of he SSSlTT^ 1 ^ ' S Mn ' ^ Prefe ' ab « 
above the crystalline materials synthesized wilh x and TbZ in 2 "T? ^ CUrre0t 3S described 
of ao ,n the range of 2.83 to 2.89 and c, in the ra^ge of U ^^sTm 31 ^ ' TT **** C ° nS,3n,S 

ge or hms to 14.31 and specially when the substituent 
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r •^"i^^rrrsr s^tr be discussed — 

107 where the dependency the cTvTume £ the ££SZ? \ '? * ^ ^ *** 5 <1958 > 
system upon the y value fo..ows almos^ "J* ^na. 

increasing the y value. J.R. Dahn et al describP in 9oiw c J. ■ V? , ' e " VOlUme decr eases with 
peak intensity of the face (006) to the face noil of Min2 ? ^ ,CS 4 2" 0) * ? ** ,he rati ° in diffra <*°" 
pattern of this crysta.line structure (S^iS^^t^Ti ? '^"^ ^ *• diffrac «°" 

is suc h that the , decirrCa' nTC 

p-i: e d^:^ *• T rded as an ^ 

research to find correlations of the reported nZlt^ »S ^ « P rssent / nventers nava ™de an intensive 
with the starting materials for The syZsis ^ ^ 0 " e,ectrochem ^' Properties and even 

and MncT?n P ^^ Li 2 CC3. Ni<OH>,. 

an atmosphere of air and evaluated for The rs^anl^Tl h , ea, - treat,n 9 * 850 -C for 20 hours in 

The results are shown in Figure 18 As ct be seen tnnf r ' the Ca,hode peak current valua - 

cathode peak current value IZlLT^cl^"^^^ 38 «V ^ * inC ' e3Sed ' tha 

than 80 mA is obtained indicating active S de3Ct,V3t, ° n - When ' ,s 06 or less . a current value not less 

foun^™^ * *~n - R9ures ,0 and 20. H can be 

range of « not higher than 0~ SmZTZS^jT* "T? 30 ^ * inCreased ' ,n ,ne 

indicated in Figure 18. the J C T^T,T 2 T< T^ZZT^ " "* * * hb " d 35 
clearly a correlation of the electrochemical acUvi tv wlh thl ; '^r °° < 14 25, which P rovides 

obtained an information that when ^ ^^ nd o^s ? p3r3rneters - That can be 

diffraction peak intensity (006)/(l 01 ) < 0 7e ^t^Tf "J"* ** C ° nd ' ti0n ° f ,he ratio in 
being in the ranges of 2.87 < ao < ££. aS TTlsTT^Tua 5^ "* J"? ** ^ 
determined based on this fact since any sample exhiLno a- o f t 87 „ 1^ ° f 30 and * ware 
not be^xperimentally synthesis. aLJ~tt££ ^£ S 

in the range of 101 to 103 A 3 the I value t ^ 3 reSUlt> With the unit ^'^e being 

electrochemically active. Any samp* having a un" c* Sm'e oMOi'A IT* *" ° f 
synthesized. 3 " ce " vo,urne of 101 A 3 or less could not experimentally 



Example 2 



hydl e or y ?ct 15". rcr^ ^ " NiC °'- 

proportion, then preliminarily 3 P red ^"nined composite 

from the starting materials, ther /subjecting JS^IJIL^ 1 ^* 3dS ° rbed 
and mixing, and then subjecting the resultant mfchX to ?^ °' ,n9 t0 n0rmal tem P e 'ature. milling 
than those of the first heat-treaLeT^^ * dfffa -nt temperatures 

preferably in an atmosphere of oxygen treatment should be performed in an oxidizing atmosphere. 

' ' Each ^^wHtad^crll*, SS. *^ "*"" m ° *«<>*■•»> V * < 0»d 

9 °<"^SrST™ "NO. an d Mnco,. 5 0 

«-* then wrtrtMy . J^SVlS^cT^ P " :, ?' ,, ™ , WaS ^ 10 " a, «~"' 
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30 



35 



40 



45 



product™ of the intermediate is possible under the condZs of J h M( ? , * ' r ° m R9Ur ° 22 ** 
550 to 650 -C and a heat-treating time in the ranoe of 1 5 T„ L h he «*»«"9 temperature in the range of 

« remaining unreacted Li compounds to be observe? 1 e £n°T * !" BP " to ° f 500 * C resu «* d * 
of a part of the R3m structure to be iSSta^JST^ 7 " ' C resulted '"the presence 
treating temperatures are in the region maZ th TSZl ? unsuitable. Even if the heat- 

time of 10 hours resulted in remainin^™^ L ■*"»■«** possible, a heat-treating 
was already enough for the heat-tre^eTa^couW nT ac h "T** 3 heaWrea «n9 «me of 25 hours 

» case of 20 hours so that the 20 hours ma y KSSSSS JTST T ^ ""^ * *• 
time. From the forgoing, the heat-treatment conditions fo Z * >■ " PPer of ,n ° "eat-treating 

ssaur — ~ e in - - r ^r a ^r=:tte u si 

treatment. After the second healtreatmeto tZSXlSTSZ^ 7"'?**" * th9 Sec0nd heat " 
hours in an atmosphere of oxygen, the particles were coo.ld E P T °' 650 t0 850 ' C for 15 *> 30 
production of the end product Ling ,he space gZo 0 ?, h !T ; emperatur °- The conditions for 
shown ,n Figure 2 were selected based on fTlK^x™^?? - CrySta " inB StmCtUre to that 
the occurrence of a production of the intermediate ^u^r «hl Cl '° n pattern - R 9 ure 23 is a P'ot of 

and time. .„ the analysis of the X-ray S pal ?JZT" * ~* heaWrea « n 9 te Wure 
crystalline structure from the R3m of the end product e g roSL l any K material a different 

a h^ZSJ? " SSSSSt- ? e an7a fflf " r ~~ — - ~ - 
hours. A temperature of 650 • C resulted in a llVn " / hea, - ,reat ' n g «me in the range of 20 to 25 
Produced by the firs, heat-treatme* ^^^cTTJ^^ Which had 
the R3m structure to be observed indicating , E If re5Ulted in the Presence of a part of 
temperatures are in the region making th .JSJSJS^hT^ " "» ^at-trea«ng 

hours resulted In the remaining unreacted 7n^ 

2T? f ° r heat -^men, and cSTSES ataoZ m ° f 30 houre wa * 

ttat the 25 hours may be considered sufficient to be tne ult . 7? i" 13 " C3Se of 25 h °"'* so 
orgomg the heat-treatment conditions for the synmesfs of the^d ot,°17 heaHreatin 9 From the 
second heat-treatment after the formation of the ^intermed T .S^"* haV ' nQ the R3m « the 

tore ,n the range of 800 to 900 -C and a he^no^eTn l * Preferab ' y 3 haat ^ting tempera! 
of °* v 9en. ,reat,n9 1,019 ,n the range of 20 to 25 hours in an abnosphere 

Alternatively, the use of Nicn, » «>»»..• 
«*»»-pli» product ih. vt^t^^SSTa'S. 1 ^! 35 lhB USe °' air as ^eatment 

hea -treating at a temperature of 600 M3 ITlS "Zf JL f""^ 8 Wni ° h had been educed by 
treabng temperatures in the range of 550 to 650 ' ^JZTT* ^ P rod «ed at heat- 

hours cou,d be emptoyed to achieve etfecJSults Stt£22X£ * ^ ^ ° f 15 to 20 
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Example 3 



( ~ » i( OH h . UNO, « M „o,. 

alum,num vessel, then preliminarily drieS at a temnll 3 P rede,e,mi "od proportion was placeo in an 
moisture from the starting materia. s, subbed .o Zfi st heat t '? '° ** 15 h ° UrS to 
650 to 850 • C for 15 to 30 hours in JS2££ o oxlotf^ °' heaMrea «"9 « a temperatu e of 
produce an intermediate. The conditions £ 3 d ucin Q STC , 0,9,1 C °° led t0 normal temperature to 
R3m structure of the same crystalline sluctom o f t * ♦ ! ntermed,a,e "aving an imperfect space qrouo 
analysis of the X-ray diffraction pa«em * ° f 35 "* Sh0Wn in F, *"° 5 «« eelected b«ed on the 
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30 



35 



V 

^Vii - ^rr vsftZxXsrr under the — - - 

materials having other crystalline structure than » 1 V d,ffract,on P 3 * 10 " 1 - a case where any 
intermediate as described^ ExaVp, e 2 were m olVl^Z**** "* " ,WBiWn » Ni ° °* ida 
s present was considered unsuitable and eliminated from the Dlot 6 SP3Ce 9roup Frn3rf i structure were 

hours. A temperature of 6S0 - C resulted in the ~ ?.! "^eatmg time in the range of 15 to 30 
Example 2 to be observed. J^?E2^J^£^^ inte ™ dia * - bribed in 
structure to be observed indicating ^oc^^LST^ E FT*" * P3rt ° f the Fm3m 
the region making the production of the R3m ttSLZ^^Tli^ * ea " rea,,n 9 temperatures are in 
remaining the NiO oxide intermediate. In contrast ^ heat , ?™" 9 ^ ° f 15 hours resulted 

the heat-treatment and could not achieve anv fuAh^ 9 m6 ° f 30 h ° Urs was a,read y ^ugh for 

that the 20 hours may be coJSwSSESl ^ZTTTT """"^ to <he C3Se of 20 « 
« From the forgoing, the ^Zatm^r^ , " mit ° f the heat - ,rea «"9 time. 

Preferably a -eat-Un^ - *e intermediate should be 

of 20 to 25 hours. " ge ° f 700 to 800 'C and a heat-treating time in the range 

treatment After the second heattreatment o heaT-trti^ ?T 7 ** W SUbj9Cted to the se ~nd heat- 
hours in an atmosphere of oxyqeiTL^JS. 9 . -f tom P erato9 of 200 to 400 -C for 5 to 20 
production of the e'nd product'Zn^e sTace ZL ffl? ^ ^ndition^ S 
shown in Hgure 2 were selected based « flJSLJK S X 1 "ZZS?* to «* 

face jjj to the face (101) of Mj(ler Z^^^XZ 

'~ thV^^ - * peax 

temperature and time. As can be seen from the Roure «,« ^ depend,ng upon each heat-treating 
achieved under the conditions of a hea -treat^a SUE ^1 Par3meter for the 6nd product «" »e 
treating time in the range of 10 to 15 ho!rs A tem D erat " T^" 9 * * 250 t0 350 * C and a heat- 
sufficient crystal growth, and conversefy a em peraZ oTZ ° r t° ^ ° XpeCted to achia - 
parameter over 0.4. which was supposed aiSbr n™, tended t0 increa5e "B* crystal 

Even if the heat-treating temoeraS™ a „ 1 rearrangement disorder in the crystal. 

P ossib,e. a h-Mr^^TS^n: E^E", m3kin9 ? P '° dUC,i0n ° f *■ «» Nocture 
treating time of 20 hours was already %£*w2£l£ "f*? Crystal 9 rowth - "» a hj 
- - case. 15 hours so that the 1S hours mayte ^^^^^^^ 

rrr^- 8nd — -no »e R3 m 
Profe^d^ 

treatmg at a temperature of 750 - C for 25 hour ; wa ■ »TT t 1 had been P roduc ed by heat- 

tempe^ures in the range of 700 to £ ? C for a h^ ISKJ^-*! 0 " Pr ° dUC6d at hea ^ aat '"9 
could be em P ,oyed to achieve effective resute^^^^ «» ^ * 20 to * 



20 



25 



so Example 4 



55 



( S7i?5rSS^ NKOH,, U,CO, and MnCO, 

alummum vessel, then preliminarily dried at TteZoeLl n^n T?^ pr ° p0rtion was P lacad an 
moisture from the starting materials mt^^SSZf* 1 ** 15 h ° UrS l ° femove ^rbed 
750 to 950 ■ C for 15 to 30 hours n an^osoheL Z heaWreatment of hoat-treating at a temperature of 
Produce an intermediate. The condiL ^^^^^1 T'* t0 ^ 
H3m structure of the same cryst,ine sfructSre ttZZZtttt&~Z 
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analysis of the X-ray diffraction pattern. 



com^^'hi^'jszs alMTtT; of th r intermedia,e under * 8 * «* 

where any materia,* having oZc rySa!,in Z ' mh ?? **? dif,r8Cti ° n pattem ' a case 

oxide intermediate were left or domains cf*T2£ n c f intermediate such as remaining NiO 
unsuitable and eliminated from the pb? ' 9 ° UP ^ S,rUCtUre Were present was ^^idered 

ahe^ea^r^ 

hours. A temperature of 750 -C resulted in thl or^n f 1 *™ «" the range of 20 to 30 

Example 2 to be observed, while ££££jSFS "■""f* " d8SCrib8d 

structure to be observed indicating thes oon^\Lwr£S,? 2 ETT" « ! P " t ° f 1,18 Fm3m 
the region making the production of the R3m s mri,.™ n 5' t heat-treatmg temperatures are in 
remaining the NiO oxide S^^^^^JT^' 3 , heat " trea « n 9 « ™ hours resulted in 
the heat-treatment and JmZI^^T^^^ T ° f 3 ° h ° UrS W3S a,read V e "°"9h for 

P-X^i^ - - e should be 

of 20 to 25 hours. 9 800 t0 900 Canda heat-treating time in the range 

treatment. After the second heaMreaJnem o^Tlt* I "* W8 " SUbjeCted to the second heat- 

hours in an atmosphere of 5^TE W^n Z^ZZ^Z " "? * ^ *° * 5 t0 20 
production of the end product having the soace S£ T tem P era ^. The conditions for 

formed SUTSlSLSr.ij; JErr *! « R? ™re a.most en«re,y 

peak intensity of the l£^T^£oSll^ ^ th8t th8 ra1i0 in diffrac «°" 

Figure 27 is a plot of the c vial o*£il h " RQUre 2 W3S " 0t hi 9 her than ° 

intensity of the face (006) to^^SS^TiT^ 'T^T ** ^ n- ° h ditffaction P aa * 
heat-treating temperature and time to lZ se from *T £1 T^" 9 T" "* COmb,n * fa " ° f 
product can be attained under the conditions of TUL ZZr . 9 ' CryStaJ P arameter *» the end 
and a heat-treating time in the ranqe oiZ to iVh f 9 tem P era,ure in th e range of 250 to 350 - C 
achieve sufficient crvsta. orowm 3 Z'Ll ' Atem P erature of 200 - C was no, expected to 
crystal parameter over 0.4 which wa »su3sS LrihutTT ^ 400 " C te " ded t0 increase a 9 ai " ™e 

Even if the heat-treating temperaSes a fe in T e r t on° 3 T™?*™" h the cr V stal " 

possible, a heat-treating time of 5 hours was not 2eS° , 9 J* P roducti °" * *• structure 
treating time of 20 hours was alreadyTotTh f« ^TJSU B "7 ^ 9r0Wth> whil ° a heat - 

in the case of ,5 hours so that the 15 hours may be cons^erld ?"' d achieve no more than 

treating time. y be "n** 1 * sufficient to be the upper limit of the heat- 

treating temperature in the range of 250 to 350 ^T^^l^T^ ^ be pre,erab ^ a heat " 
in an atmosphere of oxygen heaMreatmg time in the range of 10 to 15 hours 

heat-treating at a temperature of 850 ^ ^25 hourf 8m, ! d,a,e which h =d been produced by 

treating temperatures in the range of 800 to 9u0 -ZZ\ heat S 0 nQ ed m ,h0U9h J" 058 Pr0dUC8d at heat " 
hours could be employed to achieve effective results £ ^SStSSKS " *" °' 2 ° tD 25 
Comparative Example 

mESS? "* ma " e *"* a ~ — "'«"»• ■«» - M„co, «. „ 

"zr» scr^ 1 'iff 2 52 ■» £ ; ° ^ ^° - ~- 
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No crystalline product having good R3m structure 
Example 5 
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was obtained. 



matenals were of the composition. ^^^LT-T^n! B V h0 " n Table 2 " ^ «*• 
obtamd in Exampie 2 was an active material wSch w« orodu Jn h f ' T V = 10 and The ^mple 
600 -C for 15 hours to produce an intermedia ano^oTtl,* , 2 heat-treating the starting materials at 
hours. T*e sample produced by the mosT^Z^r^s TZ^ ? intermedia * at 750 - C for 25 
whrch was produced by heat-treating the i^S I , WB m a * 9 ™^l 

mtermed.ate and post-heat-treating the intermediate at S -c ? « 15 h ° Urs t0 e roduc * « 
Example 3 was an active materia, which was priced by teat-treat£n fh- .°T ^ ^ ° bta,nd in 

' C - 25 *"» ^ -uce 

Table 2 



Samnlo 


x 


I y 


Capacity(mAh/g) 


Example 2 


0 


1.0 


152 






1.1 


153 




0.2 


1.0 


148 






I 1.1 


155 


Most preferred process 


0 


1.0 


150 






1.1 


151 




0.2 


1.0 


145 






I 1,1 


151 


Example 3 - , — — 


0 


1.0 


149 






1.1 


152 




0.2 


1.0 


144 






1.1 


147 


Example 4 


0 i 


1.0 


148 




0.2 


1.1 


152 




1.0 


145 






1.1 


149 


Contrast 1 — — — 


~0 J 


1.0 


129 






1.1 


137 




0.2 


1.0 


120 






1.1 


131 


Comparative Example 


~0 J 


To 


132 




0.2 


1.1 


135 




1.0 


128 






1.1 


135 



Claims 

1. A nonaqueous secondary cell comprising: 
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f 3 N whe^ !??• v 9 ^ c any n° ne °' Til V< M " and Fe; 0,6 numbers of ™>» es x and y: 0.2 < y <; 
nog> of 14.15 to 14.31 A as id.mi1i e d b, x-ray dUractkn pattern- 9 ** 

A nonaqueous secondary cell comprising: 

a positive electrode comprising an active material represented by the general formula- 
i n "h ^ Wh6 - re M9 iS 3ny ° ne ° f Ti ' V ' Mn and Fe: the numbe ' s * moL of x and y o LTv < 

J! ? ' ' ° r ° < * < ° 5: 3nd Whe " Me Mn. 0 S x < 0.6; having a hexagonal 
crystalline structure and the lattice constants, ao being in the ranoe of 2 83 to 3 in A I nexa ?°" al 

range of 14.15 to 14.31 A as identified by X-ray diffrac'tion patter" 9 *' 08 b9m9 ** 

a X^T!S5r^ 3 ' ithiUm ^ " 3 Carb °" interCa,ated WKh a " d 

A nonaqueous secondary cell comprising: 

a positive electrode comprising an active material represented by the general formula- 

££. strand L? a ^staS 1^ SSi^-T? S 

range of 14.15 to 14.31 A as identified by X-ray diffraction paLm * * bem9 " 

i n3 q :: 0 txXe hium ' a ,iM,m a,,oy - or a carbon materiai in,erca,ated with «*«* - 

The nonaqueous secondary cell according to Claim 3 where said nositiv* 

employing as starting materials an amount of a comnnunri r>f hi„=i»— _ 
the number of atomic moles of Mn indicated I bv x Z £^11, * , man9anese corresponding to 
the number of atomic moles JrTi.SJSj^i andTamoum oT ^T™* C0 ? Sp0ndi ^ to 
ing to the number of atomic moles of U indicated £y y ; 3 ^ C ° mp ° Und co ' res P°"d- 

predrying said starting materials; 

subjecting to first heat-treatment; 

passing through a cooling stage to produce an intermediate; and 
wSSSS intermBdiate t0 ^ haaMraatma "' « a different temperature from that in said 
said heat-treatments being conducted in an oxidizing atmosphere. 
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. 0.3 and 1.0 S y s 1.3 according to Claim 6, where it comprises: 

employing as starting materials an amount of a compound of divalent maM!1MM 
the number of atomic moles of Mn indicated by x an amount of a n e ^t LTT? corres P on °"H> 

predrying said starting materials at 150 *C for 15 hours- 
• C (S^lotLf " mUe "" S K ** °' '""Waadn, a, a ^p.,-,,, „, 550 te 650 

subjecting said intermediate to the second heat-treatment of heat-tma*.™ « . 
said heat-treatments being conducted in an oxidizing atmosphere of air or oxygen 

predrying said starting materials at 150 -C for 15 hours- 
•C HtKSi?" 1 mat9ria,S 10 ^ of heat-treating at a temperature of 650 to 750 

.enSTy st"sssr!t?r havins the ™ — - 

to 9oTic Ct tor 9 2o a to St?! 9 —^^reatment of heat-treating at a temperature of 800 
the X-ra'dLSon ZttXSZZ ? ^ *" """" " 

sa.d heat-treatments being conducted in an oxidizing atmosphere of air or oxygen. 

^sTntod'^theTnSor^ n ° naqUe ° US secondary ceHs 

cJand 1.0 S J "farCoC,^ - — - « - 

the Zterl^Z^Z^t ° f 3 C ° mP0Und °' d,Valent m ^ aneSe -responding to 
from the group SSCi^lS^^n* am ° Unt 0< * ' 8aSt ° TO COm ° ound 5el «^d 
indicated by 1-x and a amc^nl o^UNO h ^ corresDondin 9 *» the number of atomic moles of Nl 
indicated by y; °' U " U3 " yarate corres P°nding to the number of atomic moles of Li 

predrying said starting materials at 150 "C for 15 hours- 
• c '° - '■"•■«-*, « a ..nwa^ cd 700 * «, 

«» X-a, drNradon pa«r s tZTSIe ? "° ** C ' VS ' a "™ Smaa " 85 l * n »« M »' 

aa,d haaMna.tm.nts teing conducted in an oddbjn, .tmospd.,. cd air o, oxyosn. 

0.3 and ,.0 d , d , I V£ti£2i IS^T*" 
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ESS b b y y y; 1 * X ' 3n ■ m0Unl ° f U2C ° J COrres P° ndin 9 to *• of atomic mo.es of U 

predrying said starting materials at 150 ■ C for 15 hours* 
• C JSKS^S - materia ' 5 t0 heaMreatment 01 heat-treating at a temperature of 800 to 900 

idJZnZTT T * P^uce an intermediate having the crystalline structure as 

identified by the X-ray diffraction pattern shown in Rgure 6; and 

to aJf!SS,?2 *!" S6COnd heaWreatment ° f heat-treating at a temperature of 250 

he X -rav d « rZen „h ? P ^ " ^ ^ CrySta " ine *«*" as id ^° by 

tne x-ray diffraction pattern shown in Rgure 2; 

said heat-treatments being conducted in an oxidizing atmosphere of air or oxygen. 
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FIG. 4 
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FIG. 7 
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FIG. II 
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FIG. 12 
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FIG. 13 
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FIG. 14 
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FIG. 16 
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